The aim of the present study was to investigate the potential benefits of grazing lactating ewes and their lambs on chicory (Cichorium intybus). Fifty-six certified organic twin-rearing ewes were either drenched with an anthelmintic or not, within 2 days after parturition and were grazed upon either grass/clover or chicory pastures. Around 12 weeks after parturition a subset of 12 lambs per treatment was slaughtered for worm number and parasite species determination. The faecal egg counts of lambs from undrenched ewes grazing on chicory were significantly lower than those of lambs from undrenched ewes grazing on grass. Lambs grazing on chicory had similar abomasal worm counts as those grazing on grass at 12 weeks of age ; the predominant species was Teladorsagia circumcincta. There was no difference between the intestinal worm counts in lambs grazing on grass or chicory, with Trichostrongylus vitrinus being the predominant species. Liveweight gains over the 126-day experimental period were significantly higher in lambs from drenched than those from undrenched ewes. Lambs from undrenched ewes grazing on chicory had higher liveweight gains compared to those from undrenched ewes grazing on grass. Although chicory grazing did not affect ewe nematode egg excretion, it resulted in lower egg counts in lambs and improved their liveweight gains to the same level as those deriving from drenched ewes.
The epidemiology of most gastrointestinal nematodes in sheep production systems is driven by the breakdown of immunity that occurs in ewes around parturition (Houdijk et al. 2001) . Parasite eggs excreted during this time are the main source of infection for the young, immunologically naive lambs. Organic farming regulations, as set by the EU (EU Directive 1804/1999), do not allow the routine use of anthelmintic drugs to prevent parasitism. However, due to the current lack of reliable alternatives to prevent and control parasitism, organic certification bodies allow treatment of the ewe with an anthelmintic at strategic times of her life-cycle (e.g. around parturition), if the ewe poses a high risk to the young lambs (Soil Association, 2000) . This has been discussed as being inconsistent with the principles of organic farming (Athanasiadou et al. 2002) and alternatives are sought that minimize anthelmintic input in organic systems, but at the same time do not jeopardize the health and welfare of grazing ruminants.
Recent evidence, deriving mainly from grazing studies, suggests that it may be possible to reduce the level of parasitism in sheep, and thus reduce reliance on anthelmintics, if grazing of certain leguminous forages and herbs is available (Niezen et al. 1998 a, b; Marley et al. 2003 ; Paolini et al. 2005 ; Shaik et al. 2006) . Amongst those, chicory (Cichorium intybus) seems to be the most promising, for temperate climates at least, as it has been shown to establish and grow well, and appears to consistently reduce the abomasal worm burdens of lambs grazing on it (Scales et al. 1995 ; Marley et al. 2003 ; Tzamaloukas et al. 2005) . In addition, chicory is considered a good quality grazing forage, with high content of certain trace minerals that could improve the growth rates of grazing animals (Barry, 1998 ; Younie et al. 2001) .
In the present study we aimed to investigate under organic conditions (1) the potential anthelmintic effect of chicory during the periparturient relaxation of immunity in lactating ewes, (2) whether grazing on chicory can replace dosing of periparturient ewes with an anthelmintic and (3) the effects of chicory on the level of parasitism in lambs grazing with their mothers. To the best of our knowledge, this is the first study where the use of bioactive forages to control the epidemiology of infection by targeting the ewe has been exploited.
M A T E R I A L S A N D M E T H O D S

Experimental plots
Pastures of either chicory (Cichorium intybus, cv Puna) or grass/clover (Lolium perenne/Trifolium repens) were established in spring 2002, following ploughing and secondary cultivation of the previous grass/clover sward (in total 4 plots of each forage species). The farm is Soil Association certified organic (Tulloch Farm, SAC, Craibstone). The order of the plots in the fields was completely randomized. Livestock fencing divided the plots and each plot contained an automated water trough. The land where these plots were established had been previously in grassland, but had been ploughed and had not been grazed by sheep for 2 years, and thus was considered virtually worm-free.
Each plot measured 0 . 8 ha and was therefore considered capable of sustaining the milk production of, at least, 7 ewes and subsequent growth of their lambs until weaning. The plots were grazed by growing cattle following establishment in spring throughout summer and autumn 2002, in order to control pasture growth. There was no grazing during the winter [2002] [2003] . The grass/clover pasture provided the control treatment. The experiment started in April (with the selection of ewes) and was concluded in August 2003.
Experimental design
Fifty-six ShetlandrCheviot, certified organic, twinrearing ewes were turned onto experimental pastures within 1 or 2 weeks after lambing (lambing was between 20 April and 17 May). The ewes had previously been exposed to parasites and were selected for their faecal egg count prior to parturition. Ewes were allocated to experimental plots based on their strongyle faecal egg counts (mean FEC 363, Standard Deviation (S.D.) : 286 eggs/g of faeces) and their condition score at lambing (mean CS 1 . 65, S.D : 0 . 32). Therefore, they were expected to be the source that drives the epidemiology of the parasitic infection in the otherwise parasite-free pastures. Although some ewes had small Nematodirus spp. faecal egg counts, these were not taken into account for the allocation of the ewes at the treatments. This was because the previous pasture level of Nematodirus egg/larval counts was not known, as Nematodirus eggs can survive for many years on pasture and cattle can play a role in its transmission (Urquhart, 1996) . Half of the ewes were allocated to grass/clover grazing plots, and the other half to chicory grazing plots. Within each forage species, ewes were either drenched with an anthelmintic within 2 days after parturition, or remained undrenched. The anthelmintic used for this purpose was ivermectin (0 . 08 w/v, Oramec, Merial, UK) ; it was used with Soil Association approval since it does not comply with normal UK guidelines (Soil Association, 2000) . All treatments were replicated (7 ewesr4 treatmentsr2 replicates).
Around 12 weeks after parturition (30 July), a subset of 6 lambs per plot (3 sets of twins) were slaughtered for worm number and parasite species determination. The selection was based on the weight of the lambs. Lambs were classified within each plot according to their liveweight (weight recorded the week prior to the slaughter date) into 3 categories : light, medium and heavy and 1 pair of twins were selected for slaughter from each category. Following the slaughter of the 3 sets of lambs, their mothers were also removed from the experimental plots. The remaining ewes and lambs stayed on the experimental plots and were monitored until the end of the experiment (31 August).
Agronomic measurements
Twenty randomized sward samples were obtained from each experimental plot at 2 time-points ; one around the time that ewes and lambs entered the experimental plots (May-June) and the other one at the end of the trial. These samples were pooled and analysed in duplicates for determination of crude protein, total phenolics (Price and Butler, 1977) and extractable condensed tannin content (Porter et al. 1986 ) and dry matter digestibility (Neutral Cellulose and Gamanase Determination). Sward heights of the plots were assessed on a weekly basis during the first month and later every fortnight. Twenty measurements of sward height were taken from each experimental plot at each time-point, using a sward stick (Barthram, 1985) . Sward samples were also collected at 2 time-points during the course of the experiment in order to determine sward composition ; once prior to entrance of sheep into the experimental plots (April, 2003) and the second following the slaughter point (July, 2003) . At the same time, the proportion of bare ground was also estimated in all plots. The samples were stored at 4 xC, and subsequently were manually sorted into 2 fractions : chicory or other.
Animal measurements
Ewes and lambs were first weighed at parturition and thereafter every fortnight ; ewes were condition scored once prior to lambing and then monthly throughout the experiment, by the same operator. Faecal samples were collected directly from the rectum of ewes and lambs : weekly from the ewes until 10 weeks into lactation and fortnightly thereafter and weekly from the lambs from about 6 weeks after birth until weaning. Numbers of nematode eggs per gram fresh faeces were determined by a modified floatation technique (Christie and Jackson, 1982) . At postmortem, the abomasa and small intestines of the lambs were ligated and removed and nematode parasites were recovered from gut contents and mucosa digest after a 4-h incubation in saline at 37 xC. Total immature and adult worm burdens were estimated from 2 % aliquots of digesta and mucosa digest for each sheep. Following worm counting, nematode species present in the gastrointestinal tract of sheep were also determined, based on the morphology of male worms (MAFF, 1986) . The prevalence of each species was calculated using speciation data obtained by examining all male worms recovered from the 2 % aliquots of digesta and mucosa digest.
Statistical analysis
No statistical analysis was performed on the agronomic measurements, as they only aimed to describe the experimental plots. All ewe data obtained were rearranged from the date of collection to the time after lambing to account for the different lambing dates. For these data, an initial measurement taken at a mean of 29 days prior to lambing was used as a covariate. All experimental data collected were analysed by Genstat 6.1 (Lawes Agricultural Trust, 2002) . The effects of grazing on chicory on FEC of ewes and lambs were analysed by analysis of variance (ANOVA) for repeated measurements, with sward species, anthelmintic treatment or maternal drench history and time as factors. Plot replicates were also treated as factors and were incorporated in the block structure of the model, so that the betweenplot variation was taken into account during the analysis. Condition score and liveweight of ewes were also analysed by analysis of variance (ANOVA) for repeated measurements, with the forage species, anthelmintic treatment and time as factors. Liveweight gain (g/day) of lambs was determined by linear regression for each lamb between entrance to the experimental plots and weaning (the period they were grazing on the experimental plots) and was analysed by two-way ANOVA, with sward species and maternal drench history as factors. The worm burdens of lambs were also analysed with sward species and maternal drench history as factors. Worm counts and FEC were transformed prior to analysis (log (x+1)) in order to stabilise the variance. For transformed data, back-transformed means with 95 % confidence intervals (lower and upper limit) are reported in the results. For the remainder of the data, arithmetic means with standard errors of the difference of the means (S.E.D.) are reported.
R E S U L T S
Agronomical measurements
Chicory swards produced on average less biomass than grass/clover swards (4 vs 7 tonnes per ha fresh matter for chicory and grass/clover plots respectively). At the beginning of the trial, chicory plots had a ground cover of almost 80 %, with the remainder being covered by weeds, whereas a very small proportion was bare ground (4 %). Similarly, grass/ clover plots had a ground cover of 88 %, with the remainder being covered by weeds and 3 % bare ground. Following the slaughter of lambs in July, ground cover of chicory plots was reduced (mean ground cover : 21 %), whereas the proportion of the bare ground was increased (31 %). Grass/clover plots showed similar ground cover throughout the experiment (mean ground cover in July : 86 %).
Mean sward height prior to the entrance of ewes on the experimental plots was 20 cm for the chicory plots and 11 cm for the grass/clover plots. Within chicory and grass/clover swards, sward heights were similar whether grazed by drenched or undrenched ewes. Just after the slaughter of lambs, sward heights were at their lowest for chicory swards (10 cm), whereas they were maintained at 12 cm for the grass/ clover swards. Similar sward heights were measured at the end of the experiment. The nutritional value of the grazing swards is shown in Table 1 . In general, chicory swards had higher crude protein and lower neutral detergent fibre content than the grass/ clover swards. With regards to the concentration of secondary metabolites measured in the swards, condensed tannin content was low and similar in all swards (<25 g per kg DM). The total phenolic content of chicory was marginally higher than that of grass/clover swards.
Condition score and liveweight of ewes
Condition scores of ewes were similar in all experimental groups prior to lambing (1 . 65, S.E. : 0 . 16). Following lambing, the condition scores of all ewes progressively increased (P<0 . 001), with ewes drenched with anthelmintic having higher condition score compared to those that remained undrenched (2 . 6 vs 2 . 3, S.E.D. : 0 . 11 at the end of the experiment). Consequently, there was a tendency for ewes drenched with the anthelmintic to have higher liveweight compared to undrenched ewes at the end of the experiment (56 . 7 vs 54 . 4, S.E.D. : 0 . 81 kg, P=0 . 062).
Liveweight gain of lambs
The liveweight gain of the lambs during the overall experimental period is shown in Table 2 . The figures include lambs that stayed in the experiment until the end (i.e. 4 pairs of twins per treatment).
Lambs grazing on chicory had higher liveweight gain compared to those grazing on grass/clover (P=0 . 07). Furthermore, lambs from drenched ewes grew faster than those from undrenched ewes (P<0 . 05). Although non-significant, there was a strong interaction between the maternal drench history and the sward treatment grazed by lambs ; lambs from undrenched ewes grazing on chicory had higher weight gains than those grazing on grass (P=0 . 06). Lambs from undrenched ewes grazing on grass/clover had the lowest growth rates. In addition, all lambs grazing on chicory, irrespective of their maternal drench history, had similar growth rates to that of lambs originating from drenched ewes.
Faecal egg counts of ewes and lambs
The back-transformed FEC of ewes is shown in Fig. 1 . Sward treatment did not affect the pattern of FEC in undrenched ewes. These peaked at around week 4 from parturition and were comparable to the FEC of the drenched ewes after week 8 from parturition. As expected, there was a significant effect of the anthelmintic drench, with ewes treated with an anthelmintic having significantly lower FEC compared to those remained untreated (P<0 . 001). FEC of the drenched ewes remained very low (<100 eggs per gram faeces) throughout the experiment.
The back-transformed FEC of lambs that stayed in the experiment until the end are shown in Fig. 2 . Sward type affected significantly the FEC of lambs deriving from undrenched ewes throughout the experiment. These were lower in lambs grazing on chicory than on lambs grazing on grass clover (back transformed means and 95 % confidence intervals on week 10 after birth : 590 (460-753) and 340 (270-440) eggs per gram in sheep grazing on grass and chicory pastures respectively ; P<0 . 001). Peak FEC were reached at approximately 11 weeks of age. FEC of lambs coming from drenched ewes remained very low (<100 eggs per gram faeces) throughout the experiment. The FEC of lambs from undrenched ewes were comparable to those of lambs coming from drenched ewes at the later stages of the experiment (week 14 of age onwards). 
Lamb worm burdens
The worm burdens of the lambs slaughtered around week 12 of age are shown in Tables 3 and 4 . The predominant species of worms carried in the abomasa of lambs was Teladorsagia circumcincta, whereas only a very small proportion of Trichostrongylus axei was recovered (Table 3 ). The species of worms carried in the small intestine were a mixture, consisting of Trichostrongylus vitrinus, Cooperia oncophora and Nematodirus battus. The proportion of T. vitrinus : N. battus was different between lambs coming from undrenched and drenched ewes. In the latter, the intestinal worms were predominantly N. battus (approximately 0 . 90), indicating that the main source of these worms was probably the cattle that had grazed on this pasture in the preceding year. There was a significant effect of maternal drenching history on the number of worms recovered from the abomasum (P<0 . 001 at 12 weeks of age), but there was no effect of sward type on worm numbers (Table 4) . As expected, lambs from drenched ewes carried a very small proportion (approximately 0 . 05) of the abomasal worms carried by lambs from undrenched ewes. The trend was similar for the strongyle intestinal worm counts ; lambs from drenched ewes had lower counts than those from undrenched ewes. There was a tendency for lambs coming from drenched ewes and grazing on chicory to have the lowest number of intestinal worms (P=0 . 1). The numbers of male and female worms recovered were similar in all lambs.
D I S C U S S I O N
To the best of our knowledge this is the first study where the potential role of chicory in parasite control was tested with lactating ewes carrying an established parasite population and their lambs reared under organic conditions. Although the number of nematode eggs excreted by lactating ewes was not affected by the consumption of chicory, faecal egg counts of lambs were lower when grazing chicory. In addition, liveweight gain of lambs grazing on chicory was greater than that of lambs grazing on grass/clover and was similar to that of lambs deriving from ewes drenched with an anthelmintic around parturition.
The periparturient increase in the FEC of ewes has been shown to start from around 4-6 weeks prior to parturition and last 6-8 weeks into lactation (Barger, 1993) . The initial hypothesis in the present study was that the consumption of chicory could contribute towards the reduction of the parasite fecundity or worm numbers from the lactating ewe and therefore reduce parasite contamination of the grazing pastures. The lack of any changes in the FEC patterns of the ewes clearly suggest that grazing on chicory had no effect on the development of this post-parturient rise ; undrenched ewes showed elevated FEC between weeks 2 and 7 from parturition and this was independent of the grazing sward. It is not clear why lactating ewes did not benefit from chicory consumption since previous studies using weaned lambs (Scales et al. 1995 ; Marley et al. 2003 ) grazing on chicory swards have shown a reduced egg excretion and/or reduction in the worm numbers recovered from the gastrointestinal tract. In a recent study, chicory consumption also improved the expression of immunity against gastrointestinal nematodes in growing lambs (Tzamaloukas et al. 2006) . However, chicory consumption might not have the same effects in periparturient animals. It has been suggested previously that under conditions of nutrient scarcity, reproducing animals prioritize the scarce nutrients towards reproduction, whereas growing animals prioritise nutrients towards growth (Coop and Kyriazakis, 1999) . The results suggest that adequate chicory was available for suckling lambs, since they achieved high growth rates ; however, it is possible that it may have been limiting for the parasitized lactating ewes. The fact that drenched ewes had higher body weights and condition scores than undrenched ewes at the end of the experiment supports this hypothesis. If chicory did not provide adequate resources to cover the ewe requirements for lactation and parasitism this would have resulted in ewes prioritizing the scarce nutrients towards their reproductive effort, i.e. milk production and compromised their capacity to express an adequate immunity to gastrointestinal nematode parasites (Houdijk et al. 2003) . Although milk production was not directly measured in the present study, the high growth rates of the suckling lambs provide some support of this argument.
In addition to the effects on immune responses, chicory consumption has also been related to short-term, anthelmintic-like effects towards established T. circumcincta populations in young grazing lambs (Tzamaloukas et al. 2005) . It has been hypothesized that such effects might be attributed to direct anthelmintic effects of the plant secondary metabolites (PSM) contained in chicory (Molan et al. 2003) . However, lactating ewes did not seem to have benefit from these effects in the present study, since there was no evidence of differences in FEC between the 2 ewe groups. Furthermore, as far as worm burdens at the end of the study were concerned it seems that lambs might also have not benefited from any direct anthelmintic effects. This lack of efficacy may simply relate to the PSM composition of chicory during the present studies. Condensed tannin content was very low and similar to that detected in the grass/clover plots in a previous study (Tzamaloukas et al. 2005) , in addition the total phenolic content measured in the present study was only a tenth of that recorded in that previous study. Simple phenolics, such as chicoriin and chicoric acid have been known to act as deterrents to feeding in insects larvae and might have a similar role against nematode parasites (Rees and Harborne, 1985) . The lack of an anthelmintic effect of chicory towards the intestinal nematodes is in agreement with previous evidence, where established T. colubriformis populations in grazing lambs were not affected by chicory consumption (Marley et al. 2003 ; Athanasiadou et al. 2005) . N. battus populations in particular were not analysed for any treatment effects, as the infectivity levels of the pastures were not known prior the start of the experiment. The reduction in the FEC observed in young lambs grazing on chicory swards with their mothers compared to those grazing on grass/clover is in agreement with observations made in previous studies (Marley et al. 2003) . It is often questioned whether this reduction in the FEC is the outcome of diluted faecal samples due to increased water content of faeces. Although chicory is, in general, known for having lower DM content than grass/clover pastures, and thus a dilution effect of the faecal matter could be considered as a possible explanation for lower FEC, this would have been expected to have been evident in the FEC of the ewes as well. Thus it seems possible the reduction in the FEC of lambs might have been attributed to differences in the extent of challenge and/or the numbers of adult parasites and their fecundity. It has been previously suggested that sheep grazing on chicory may ingest lower numbers of larvae due to the sward structure of chicory which may provide a microclimate and physical environment which negatively affects larval development, migration and survival (Marley et al. 2006 a, b) . Given the design of the current experiment which did not incorporate tracer animals or a serial kill, it is impossible to determine whether the apparent differences in FEC in the chicory-fed lambs are the result of reduced challenge, reduced worm numbers or reduced fecundity. Worm burdens at slaughter in the present study cannot be used to clarify the issue since they reflect infrapopulation dynamics during a stage when it is evident that the lambs were expressing some resistance against infection. The pattern of egg count in both grass-fed and chicory-fed lambs whose dams were not drenched were similar and provide clear evidence of developing resistance. In both groups there was about a 3-fold decline between peak egg count values seen when the lambs were 11 weeks of age to the values at slaughter some 6 weeks later.
The growth of suckling lambs was greater when ewes were treated with an anthelmintic around parturition compared to the undrenched counterparts. However, in terms of lamb performance, grazing on chicory provided similar production benefits to that produced by treating the ewes with an anthelmintic. As the number of worms recovered from the abomasum and small intestine of sheep was similar in lambs grazing on grass or chicory, the improvement in the performance of parasitized lambs might have been related to the nutritional properties of chicory rather than the anti-parasitic properties. Previous studies have also shown that the growth rates of sheep and deer grazing on chicory can be 70 % higher compared to those achieved on grass, even in non-parasitized animals (Scales et al. 1995 ; Hoskin et al. 1999) . The higher growth rates are probably related to higher metabolizable energy, digestibility of organic matter and mineral content of chicory compared to ryegrass (Barry, 1998) , despite the similar crude protein content between the two species. It should be taken into account that all sheep were suckling during the experiment, and their growth will reflect the combined contribution made by grazing and suckling activity. Although milk yield was not measured in the present study, milk yield, as well as its protein and fat content has been reported to be similar in ewes grazing on chicory and ryegrass (Molle et al. 2003 ; Landau et al. 2005) .
In conclusion, grazing on chicory seems to confer great benefits on the performance of organically reared lambs grazing with their undrenched mothers. The present study is the first to date where chicory grazing was offered as a sole diet for lactating ewes and their lambs throughout the grazing season. The condition scores and weights of ewes grazing chicory and grass/clover swards were similar providing further confirmation of the feeding value of chicory. The present study demonstrated that the growth of young, parasitized lambs was not penalized as a result of parasitism, when grazing on chicory. It is possible, however, that persistent grazing of chicory might not be sustainable ; intensive grazing resulted in slow re-growth, slower than that of grass/ clover, particularly towards the end of the experiment. This factor would need to be taken into account if chicory was being considered for inclusion in an organic production system. Although the observed reductions in FEC were lower than those seen in the lambs from drenched ewes, grazing chicory provided parasitological benefit, at least in the short-term, in controlling gastrointestinal parasitism in lambs. Further investigation is required to determine whether such parasitological benefits from chicory grazing persist in the longer-term and can thus provide a sustainable means of controlling gastrointestinal nematodes.
